During the course of experiments to investigate whether the addition of heat-denatured 7S y-globulin to rheumatoid leucocytes would produce transformation of the lymphocytes, an interesting phenomenon was observed. No specific stimulation of the lymphocytes was seen, but intracellular inclusions in neutrophils and macrophages, accompanied by extracellular bodies, were noted after culture of the cells for a few days. The extracellular bodies in stained smears were pale, eosinophilic, round structures, varying considerably in size and arranged either singly or in clusters. Frequently a surrounding ring of lymphocytes was seen.
During the course of experiments to investigate whether the addition of heat-denatured 7S y-globulin to rheumatoid leucocytes would produce transformation of the lymphocytes, an interesting phenomenon was observed. No specific stimulation of the lymphocytes was seen, but intracellular inclusions in neutrophils and macrophages, accompanied by extracellular bodies, were noted after culture of the cells for a few days. The extracellular bodies in stained smears were pale, eosinophilic, round structures, varying considerably in size and arranged either singly or in clusters. Frequently a surrounding ring of lymphocytes was seen.
Because both intracellular and extracellular structures were almost invariably present when serum from rheumatoid patients was employed, but were absent when normal serum was used, they have been called "rheumatoid cells and bodies" (R.A. cells and R.A. bodies). Reports from a number of sources suggest that bodies similar to those we describe are particularly prone to appear in fluids from rheumatoid patients. Duthie (1964) reported the formation of structures of this type when rheumatoid blood was mixed with rheumatoid synovial fluid. Parker and Schmid (1962) and Astorga and Bollet (1964) have described inclusion bodies in normal leucocytes resulting from phagocytosis of precipitates produced by the interaction of rheumatoid factor and aggregated y-globulin. Since the present work was completed, Hollander and his colleagues (Hollander, McCarty, Astorga, and Castro-Murillo, 1965; Rawson, Abelson, and Hollander, 1965;  Restifo, Lussier, Rawson, Rockey, and Hollander, 1965) have described inclusion bodies in leucocytes present in synovial fluids from rheumatoid patients and have discussed the possibility that such bodies may be formed from complexes of rheumatoid factor with autologous yglobulin.
The present paper describes the "rheumatoid cell" and "rheumatoid body" and discusses their significance and possible diagnostic use. A brief account of the chief findings has already been presented (Williamson and Ling, 1964) .
Material and Methods Human y-globulin
Gamma globulin from three sources was used in experiments to investigate the formation of the rheumatoid body. Ethanol fractionated (Cohn fraction II) y-globulin was most commonly used, but y-globulin prepared by ether fractionation (Lister Institute) or by treatment with DEAE-cellulose (Stanworth, 1960) was also used. A 2-5 per cent. solution of the y-globulin in saline was sterilized by filtration through a millipore filter and aggregated by heating for 10 min. at 630 C.
Fluorescent studies were undertaken using y-globulin conjugated with fluorescein isothiocyanate. The conjugate was prepared by the following method:
The y-globulin (100 mg. in 5 ml. saline) was added slowly, with mixing, to a suspension of fluorescein isothiocyanate (5 mg.) in buffered saline (5 ml. saline plus 1-5 ml. 0 5 M sodium carbonate-bicarbonate buffer, pH 9 -0). The mixture was stirred for 1 hour, and then left at 4°C. overnight. In the morning the pH was adjusted to 7 0 with 0 -2N HCI, 2 volumes of 27 per cent. sodium sulphate were added, and after standing at room temperature for at least 2 hrs, the preparation was centrifuged at 6,000 r.p.m. for 20 min. at 300 C. The precipitate was washed twice in 18 per cent. sodium sulphate and then taken up in 5 ml. phosphate buffered saline (pH 7 4), dialysed overnight against this buffer, and stored at 4°C.
It was sterilized by filtration, aggregated by heating, and centrifuged to remove any deposit.
Immunological Methods
The latex slide-agglutination test (Hyland RA test) for rheumatoid factor, the Waaler-Rose test (Gibson and Ling, 1956 ) and the immuno-fluorescent test for antinuclear factor (Friou, 1957) were performed on all sera investigated.
Antisera used for immunofluorescent studies were raised in rabbits, using, where possible, specific antigen;
for the indirect or "sandwich" technique an antiserum to rabbit y-globulin was raised in a goat. The spectrum of 513 group.bmj.com on December 22, 2017 -Published by http://ard.bmj.com/ Downloaded from activity of antisera was assessed by immuno-electrophoresis. The y-globulin fractions of the antisera were conjugated with fluorescein isothiocyanate using the method described earlier for conjugation of y-globulin. Unconjugated fluorescein and non-specific fluorescent material were removed by dialysis overnight followed by passage through a column of G25 sephadex (George and Walton, 1961) and absorption with guinea-pig liver powder (Naim, 1962) .
Microscopy
A Reichert Binolux microscope was used for examination of the smears and all fluorescent-and photo-micrography.
Frozen Sections
Tissues or cell preparations were embedded in gelatin and sections cut on a freezing microtome (Frigistor).
Staining Methods
A series of standard staining techniques (Culling, 1963; Dacie and Lewis, 1963) Immunofluorescent studies using the following specific fluorescein conjugates were performed:
(1) Anti-human IgG (7S y-globulin) (2) Anti-human (3) Anti-human serum albumin (4) Anti-human serum ,B-lipoprotein (5) Anti-human fibrinogen (6) Anti-human platelet (7) Anti-human complement (Anti ,B1C) (8) Serum from a case of systemic lupus erythematosus with high anti-nuclear factor titre (9) Aggregated y-globulin Patients Studied (Table I (Trowell, 1963) gave similar results. Both media contained penicillin (200 units/ml.) and streptomycin (100 units/ml.).
Guinea-pig Macrophages
These were obtained by bronchial lavage, using the method of Myrvik, Leake, and Fariss (1961) . The cells were predominantly macrophages. * Benger's Dextraven. 
CELLULAR STUDIES OF RHEUMATOID FACTOR Staphylococcal Filtrate
This was prepared and used as described by Ling and Husband (1964) .
Results
Rheumatoid cells and bodies (Plate Ia and Ib, overleaf), were regularly found in smears prepared from cultures containing rheumatoid leucocytes, rheumatoid plasma and aggregated y-globulin. The contribution of each of these three components to the formation of rheumatoid bodies was assessed. Leucocytes.-Rheumatoid cells and bodies were produced in all cultures in which rheumatoid serum and aggregated y-globulin had been added, irrespective of the source of leucocytes. Leucocytes from normal individuals appeared to bo as effective as leucocytes from rheumatoid patients. The intracellular inclusions were observed in both neutrophils (Plate la) and macrophages (Fig. 1) . Similar bodies were also detected in guinea-pig respiratory macrophages when these were substituted for human leucocytes in cultures (Fig. 2) . found that these inclusions showed specific fluorescence after treatment with rabbit antiserum containing antihuman IgG lablled with fluorescein (Fig. 4, see p. 517).
The inclusions also stained brightly (Fig. 5, (f) Smear treated with serum from a patient with a high antinuclear factor titre followed by a fluorescein-conjugated-antihuman-yglobulin serum. The leucocyte nuclei are stained brightly, but the rheumatoid bodies (top and bottom centre) are unstained except for a peripheral ring of fluorescence (cf. Fig. 7.) (leucocyte culture). x 1,400. Korngold, 1959; McCormick, 1963) . No staining was obtained with anti-human 5-lipoprotein, antiplatelet serum, anti-fibrinogen and anti-complement (anti-5lC). . With more prolonged incubation, degeneration and disintegration of the neutrophils and macrophages was observed and the numbers of extracellular R.A. bodies, which were also fluorescent, increased. In the case of the larger R.A. bodies, a reticulated pattern could sometimes be discerned, suggesting that these bigger structures had been formed by fusion of smaller ones (Fig. 6, overleaf) Jenner-Giemsa. x 1,900. with anti-IgG and anti-IgM, while the central area stained relatively faintly (Fig. 7) . This appearance did not seem to be an artefact accountable to the greater thickness of the extracellular bodies, since similar appearances were given in both smears and frozen sections of the bodies. Moreover, the extracellular bodies stained uniformly with anti-albumin (Fig. 8) . A possible explanation for this difference in staining reactions between the intra and extracellular particles is propounded below.
Differentiation of R.A. Cells from L.E. Cells. In view of the wide variations reported in the incidence of the occurrence of L.E. cells in rheumatoid arthritis (e.g. Marmont, 1959; Glynn and Holborow, 1964) and the superficial morphological similarity between R.A. cells and L.E. cells, it seemed important to investigate means of distinguishing between these phenomena.
When the staining characteristics of R.A. cells and L.E.-cells were compared, using a number of (Table II) . Of these, the most significant was the failure of the intracellular inclusion body in the R.A. cell to give any of the staining reactions of desoxyribonucleic acid (i.e. negative Feulgen reaction, lack of fluorescence with the fluorescent Feulgen stain (Plate Ie), pale pyroninophilic staining with methyl green pyronin stain, and eosinophilic staining with a haematoxylin and eosin stain). This was further confirmed when it was found that the intra and extracellular material produced by the standard technique failed to fluoresce when treated first with a systemic lupus erythematosus serum followed by fluorescent anti y-globulin, although the nuclei of surrounding cells fluoresced strongly (Plate If). Day (1963) . This may account for the "L.E.-like cells" or "atypical L.E.-cells" described by some authors (e.g. Marmont, 1959) .
It is similarly possible that the R.A. body may be mistaken for the extracellular "Lupus Glob" or haematoxyphil body. For example Arterberry, Drexler, and Dubois (1964) reported the presence of haematoxylin bodies in 26 out of 38 cases of rheumatoid arthritis, while L.E.-cells were demonstrable in only twelve of these cases.
The present limited series has suggested that R.A. cell formation is relatively specific to rheumatoid arthritis among the "collagen" diseases. But it is possible that the occurrence of "atypical L.E.-cells" in other conditions characterized by the frequent occurrence of anti-globulin antibodies (e.g. "lupus hepatitis" and some cases of bacterial endocarditis) might be explicable on a similar basis.
Our observations on the occurrence of rheumatoid bodies were initially incidental to attempts to stimulate lymphocytes of rheumatic patients with autoantigens. Other workers (e.g. Hollander and others, 1965) , approaching the matter from entirely different viewpoints, have observed similar inclusion bodies in leucocytes from rheumatoid patients. ZuckerFranklin (1964) examined the ultrastructure of inclusions in various types of leucocytes obtained from the blood, lymph, and synovial fluid of patients with rheumatoid arthritis. In addition to phagocytosed material in neutrophils, she found, in cells belonging to the lymphoid series, inclusions occupying distended cisternae of rough endoplasmic reticulum, suggesting that the material had actually been manufactured by these cells. Restifo and others (1965) propose that complexes of rheumatoid factor and IgG, which are phagocytosed by leucocytes, may be directly implicated in the pathogenesis of joint inflammation. Whether or not this should prove to be the case, there is no doubt that the special tendency of these complexes and bodies to occur in fluids from rheumatoid patients is worthy of further attention. Summary Intracellular and extracellular bodies were produced when aggregated y-globulin was added to cultures of leucocyte-rich plasma from rheumatoid patients. Similar cells and bodies were found to occur in synovial fluid smears from rheumatoid patients.
Histochemical and immunofluorescent studies were undertaken to establish the nature of these structures.
The specificity and significance of this phenomenon in rheumatoid arthritis is discussed, and the possible application to diagnosis is considered.
